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Available online 11 February 2016AbstractBiosynthetic and environment friendly technology for the synthesis of zinc oxide (ZnO) are believed to be nontoxic, biosafe, and
biocompatible nature. It also has been used as drug carriers, cosmetics, and fillings in medical materials. The present work reports
the induction of intrinsic apoptotic pathway in Human Breast Cancer (MCF-7) cells through biosynthesized Zinc Oxide Nanorods.
The UVevisible spectrum showed an absorption peak at 375 nm that reflects surface Plasmon resonance (SPR) ZnONRs and also
confirms the particles stability. TEM photograph showed that the green synthesized ZnONRs were highly crystaline nature and rod
like structure with an average size of 100 nm. The Zeta potential value of13 mV revealed the surface charge of green synthesized
ZnONRs. In this study, we found that the synthesized ZnONRs exhibited a dose-dependent cytotoxicity against MCF-7 cells. The
inhibitory concentration (IC50) was found to be 10 mg/mL. An induction of apoptosis was evidenced by AO/EtBr apoptotic staining
method. Based on the FTIR spectral data, b-Santalol a kind of sesquiterpen present in Santalum album leaf extract is responsible for
reduction and stabilization of ZnONRs by this approach are quite stable and no visible changes were observed even after long
period. These terpene substances could have acted as both reduction and stabilizing agents preventing the aggregation of particles.
Thus, the nature of biosynthesis and the therapeutic potential of ZnONRs could prepare the way for further research on the design of
green synthesis therapeutic agents, particularly in nanomedicine, for the treatment of cancer.
© 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of University of Kerbala. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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nanoscale level [9]. The biologically diverse medicinal
plants have a great promise for nanoscience and
nanotechnology. Biosynthetic and environmentally
friendly technology for the synthesis of zinc oxide
(ZnO) NPs are believed to be nontoxic, biosafety and
biocompatible have been used as drug carriers,n behalf of University of Kerbala. This is an open access article under
4.0/).
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However, most ZnO NPs used commercially produced
synthetically, which have some advantages, compared
with silver nanoparticles, such as lower cost, white
appearance [10].
The biologically synthesis methods are costly and
require extensive labor and time. Furthermore, large
quantities of secondary waste are generated resulting
from the addition of reducing agents for precipitation
and reduction in the processes. The biosynthetic
method employing plant extracts has drawn attention
as a simple and viable alternative to chemical and
physical methods. This biological approach appears to
be a cost effective alternative to conventional physical
and chemical methods of synthesis.
Breast cancer is a type of cancer that starts in the
tissue of the breast. It could be invasive or noninvasive.
The incidence of breast cancer in developing countries
is on the increase due to many underlying factors such
as birth control measures, sliding to western culture,
lifestyle and genetic mutations. It is the most common
cancer diagnosed among women, constituting 23% of
all cancer cases in the world. 226,870 new cases of
invasive breast cancer are expected to occur among
women in 2012; about 2190 new cases are expected in
men. Several differences exist between countries with
respect to age, stage at presentation, and biological
characteristics of breast cancer cases. In developed
countries approximately 50% of all women with newly
diagnosed breast cancer are older than 63 years, while
in many developing countries women with breast
cancer are predominately younger than 50 years of age
[13]. Therefore it is very urging to find control mea-
sures at this time.
Generally in vitro study provides significant out-
comes to evaluate the mechanisms of toxicity caused
by metal nanomaterials. To date different cell types
have been investigated for cytotoxicity of zinc metal,
including human breast carcinoma cells. The mecha-
nisms for ZnONPs induced toxicity may be related
with oxidative stress, DNA damage and induction of
apoptosis in selected cancer cells.
The essential oil emulsion or paste of sandalwood
is routinely used in India as an ayurvedic medicine to
treat various diseases. Sandalwood oil treatment
significantly decreased papilloma incidence. Santalol
oil could also be used as an effective chemo pre-
ventive agent against skin cancer [3]. The bioactive
compounds of sandalwood such as (Z)-beta-santalol
from Santalum album have strong anti-influenza ac-
tivities against H1N1 viral strain [7]. Hence, in the
present study describes S. album leaf extract wasused for biologically synthesis of ZnONRs. However,
till date, there are no reports on the biosynthesis of
ZnO NPs with S. album leaf extract and very limited
studies have been reported on the other medicinal
plants for biosynthesis of metal nanoparticles. The
preliminary screening of the medicinal plants by
physicoechemical parameter such as concentration
of metals, concentration of S. album leaf extract,
temperature, pH and reaction time. These parameters
were used to assess which S. album leaf extract
can be a rapid synthesis and suitable condition for
synthesis of ZnONRs and evaluate against MCF-
7 cells.
2. Materials and methods
S. album plant leaves were collected from campus
of Bharathiar University, Coimbatore, Tamilnadu and
its identification were authenticated by the Botanical
Survey of India (BSI, Coimbatore). Zinc nitrate was
procured from Sigma Aldrich.
2.1. Preparation of the extract
S. album leaves were crushed to extract the juice
which later strained through a fine pore nylon mesh.
The UVeVis spectra of zinc solutions reduced with
different concentrations of S. album leaf extract were
obtained and centrifuged at 12,000 rpm for 5 min to
remove any undesired impurities. This solution was
considered as 100% extract and other concentrations
of the extract used for further experimental pro-
cedures and preparation of extract at various
concentrations.
2.2. Synthesis of ZnONRs
All glassware's were cleaned with an aqua regia
solution (1:3 -nitric acid/hydrochloric acid) for com-
plete removal of potential artificial nucleation sites.
Concisely, 1 mM of 50 mL solution of Zinc sulfate was
brought to boil with vigorous stirring. With this solu-
tion 1.0 mL quantity of plant extract was added and the
hot plate was turned off. A color change was observed
within 10 min. The solution was stirred for an addi-
tional 20 min, cooled at room temperature, transferred
to an amber bottle and stored at room temperature.
ZnONRs exhibit surface plasmon resonance at
320e345 nm. The ZnONRs solution thus obtained was
purified by repeated centrifugation at 12,000 rpm for
15 min followed by redispersion of the pellet in
deionized water.
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The sample was syndicated for uniform dispersion
and the aqueous component was subsequently
analyzed at room temperature using UVeVis spectro-
photometer (UV-2450, Shimadzu). The shape, size and
microstructures of the products were characterized by
using Scanning Electron Microscopy (SEM) and
Transmission Electron Microscopy (TEM) (Model
JSM 6390LV, JOEL, USA). Size distribution and the
average size of the nanoparticles were estimated based
on DLS with the assistance of Sigma-Scan Pro soft-
ware (SPSS Ins, Version 4.01.003). The grain size was
determined by X-ray diffraction (XRD) analysis
recorded by diffractometer (SEIFERT PTS 3003). All
experiments were done in triplicates and the data were
analyzed using Origin Pro 7.5 SRO software (Origin
Lab Corporation, USA).
2.4. FT-IR analysis of ZnONRs
The Fourier Transform Infrared (FT-IR) Spectros-
copy of ZnO NPs were performed by using Nicolet
5700 instruments (Nicolet Instrument, Thermo Com-
pany, USA) with KBr pellet method. Each KBr disk
was scanned over a wave number region of
500e4000 cm1 with the resolution of 4.0  108 cm.
2.5. Zeta potential measurement
The zeta potential of the synthesized nanoparticles
was determined by means of the zeta potential analyzer
(90 Plus Particle Size Analyzer, Brookhaven In-
struments Corporation, using Zeta Plus software). The
measurement of zeta potential is based on the direction
and velocity of particles under the influence of known
electric field.
2.6. Particle size analysis
The particle size range of the nanoparticles along
with its polydispersity was determined using a particle
size analyzer (90 Plus Particle Size Analyzer, Broo-
khaven Instruments Corporation). Particle size was
arrived based on measuring the time dependent fluc-
tuation of scattering of laser light by the nanoparticles
undergoing Brownian motion.
2.7. Scanning electron microscope (SEM) analysis
The samples were placed on polycarbonate sub-
strate and the excess water was left to dry at roomtemperature. They were then dried in a critical
point dryer using carbon dioxide, and sputter coated
with gold in a metallizer, and examined under
a scanning electron microscope (JSM5600LV,
JEOL, Japan) operating at an accelerating voltage of
20 kV.
2.8. Transmission electron microscope (TEM) analysis
The particle size and morphology of ZnONRs
nanoparticles were examined using a Philips CM120
TEM, transmission electron microscope at a voltage of
80 kV. The aqueous dispersion of the particles was
drop-cast onto a carbon-coated copper grid and the grid
was air dried at room temperature before viewing
under the microscope.
2.9. Cell line and culture conditions
Human breast cancer MCF-7 cells and normal
breast cells were procured from National Centre for
Cell Science (Pune, India). The cells were maintained
in Dulbecco's Modified Eagles medium supplemented
with 2 mM L-glutamine and Earle's BSS adjusted to
contain 1.5 g/l Na bicarbonate, 0.1 mM nonessential
amino acids, and 1.0 mM of Na pyruate in a humidified
atmosphere containing 5% CO2 at 37
C.
2.10. Cell viability assay
Cell viability was determined by 3-(4, 5-
dimethylthiazol- 2 yl)-2, 5-diphenyltetrazolium bro-
mide (MTT) assay. Briefly, exponentially growing cells
(1  104 cells/well) were seeded into a 96 well plate
and allowed to attach overnight. Cells were treated
with the various concentrations of ZnONRs in at least
six replicate wells and left contact for 24 h and 48 h.
500 mg/mL of MTT was added to each well, and the
plate was further incubated at 37 C for another 4 h.
Formosan crystals formed were dissolved in DMSO.
Cell viability was expressed as follows:
Cell viabilityð%Þ ¼ Tests=control 100%
2.11. Fluorescence microscopy study
Acridine Orange/Ethidium bromide (AO/EtBr) is a
green fluorescent dye having a low cell toxicity, and is
sensitive to the chromatin state in cells, which can be
used to examine the nuclei change of apoptotic cells.
The MCF-7 cells were pre incubated with ZnONRs for
24 h then washed twice with PBS for 3 min. The
Fig. 1. UVevisible spectrum of biosynthesized zinc nanorods.
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for 5 min. After washing with PBS for 3 times, cells
were observed under a fluorescence microscope. The
same procedure was used as DAPI staining assay. The
MCF-7 cells treated without nanoparticles were used
as control.
2.12. Western blots
Western blotting was performed to detect the
proteins of Bcl-2 and Bax. The MCF-7 cells
(1  106) were seeded onto 100-mm culture dishes in
the presence or absence of ZnONRs, ZnONRs were
treated at different concentrations for 24 h. Cells
were then washed twice with ice-cold PBS and
incubated in lysis buffer. The lysates were centri-
fuged at 10,000  g for 5 min at 4 C, and were used
as the cell protein extracts. Each of the extracts was
applied to 12% SDS polyacrylamide gel electropho-
resis after which the proteins were transferred onto a
nitrocellulose membrane, and then blocked for 1 h
using 10% skimmed milk in water. After washing in a
PBS containing 0.1% Tween 20 for 3 times, the pri-
mary antibodies were added at a v/v ratio of 1:1000.
After overnight incubation at 4 C, the primary an-
tibodies were washed away and the secondary anti-
bodies were added for 1 h incubation at room
temperature. Finally, the enhanced chem-
iluminescence detection reagents were used to
develop the signal of the membrane.
2.13. Cell cycle analysis
For the measurement of the cellular DNA content, a
flow cytometric analysis was used. The cells (1  106)
were seeded in each tissue culture dish and allowed to
attach overnight. The cells were treated with zinc
nanorods for 48 h. The cells were harvested by tryp-
sinization then pelleted out 2500 rpm for 5 min at RT
(room temperature). The cells were resuspended in
300 mL of PBSeEDTA to which 700 mL of chilled
70% ethanol was added drop-wise with slow mixing.
The solution was added gently to ensure complete
mixing of ethanol, and the samples were stored at 0 C
overnight. Subsequently, 1:100 volumes of 20 mg/mL
RNase were added, and the mixture was incubated at
37 C for 1 h. Propidium iodide was added to a final
concentration of 50 mg/mL and incubated for
10e20 min. The stained cells were analyzed for DNA
histograms and for cell cycle phase distribution using
flow cytometry (Becton Dickinson Immunocytometry
System).3. Results and discussion
3.1. Confirmation of biosynthesized ZnONRs
The ZnO NPs was successfully prepared and char-
acterized by Fourier Transform Infrared (FT-IR),
Scanning Electron Microscopy (SEM), Dynamic Light
Scattering (DLS), Ultra-violet, visible Spectropho-
tometer (UVeVis Spectra) and Zeta potential sum-
marizes the most important properties of the
biologically synthesized ZnONRs for potent biological
applications. The biological reduction of zinc oxide
solution is one of the most widely used methods for the
synthesis of ZnONRs. The appearance of the color was
indicated the formation of ZnONRs. Fig. 1 shows the
UVeVis spectra of ZnONRs formation at a constant
concentration of Zinc oxide (1 mM) with an aqueous
medium. The formation of ZnONRs during the reac-
tion was confirmed visually, as the brownish color of
the mixture turned to a pale white color within 3 h of
preparation, indicating a success of the synthesis of
ZnONRs. Initially, the maximal plasmon absorption
peaks of ZnONRs showed broaden bandwidth of the
peak with the decrease of S. album leaf extract quan-
tity. The S. album leaf extract, nanoparticles synthesis
is not greatly privileged due to the absence of sufficient
biomolecules responsible for capping and efficient
stabilization. The fairly sharp SPR band observed at
375 nm is pinpointing of zinc nanorods. In the previous
investigation, ZnONRs were prepared using Sargassum
muticum aqueous extract by the green synthesis
approach, which is more reliable and less toxic when
compared to other methods. For Green biosynthesis of
ZnONRs, Zinc acetate dehydrate solution was added to
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saccharides with functional groups that led to the for-
mation and stabilization of the ZnO nanoparticles [2].
The typical ZnO nanoparticle size achieved by using
palmyrah palm fruit gel (55 nm) and palmyrah palm
fruit liquid (70 nm) was more or less similar whereas
the average size was found to be increased to 85 nm in
chemical synthesis. The maximum synthesis was ach-
ieved using gel when compared to liquid and chemical
synthesis [11]. In this report Santalum album leaf
extract could efficiently reduce the Zinc led to form
and stabilize the zinc nanorods.
3.2. FT-IR characterization of ZnONRs nanoparticles
FTIR analysis was carried out to identify the
possible biomolecules responsible for capping and
efficient stabilization of synthesized particles using S.
album leaf extract. The FTIR spectrum of S. album leaf
extract mediated zinc nanorods showed a very strong
peak at 3403 cm1 was assigned as eNH stretching of
amide (II) band. The very strong absorption band at
1700 cm1 was identified as the amide I and arises due
to the carbonyl stretching vibrations in the amide
linkages of the alcohols. The appearance of an absor-
bance band at 1365 cm1 confirms the capping of the
nanorods with carboxylate groups, respectively
(Fig. 2). The appearance of an absorbance band at
1231 cm1 can be assigned to the CeN stretching. TheFig. 2. FTIR spectra of biosynspectrum of the zinc nanorods showed bands at 1424,
1103 and 2145 cm1 along with the other small bands
can be assigned to the carbonyl groups and secondary
amines, respectively. The broad band at around
3400 cm1 could be attributed to the OeH groups. The
presence of the amide linkage suggests that there is
some alcohol in the reaction mixture. This alcohol
might be responsible for the formation of the nano-
particles and may play an important role in the stabi-
lization of the formed nanorods.
3.3. X-ray diffraction analysis
The phase purity and crystallinity of the nanorods
obtained by the biosynthesis using an extract of S.
album leaf extract examined by XRD. Fig. 3 shows a
typical XRD pattern of ZnO nanorods in the range of
20e80 at a scanning step of 0.01. A number of Bragg
reflections with 2q values of 20.4, 32.5, 45.3, 57.8,
66.4 and 84.8 are observed corresponding to (220),
(310), (400), (422), (511) and (533) planes. The XRD
pattern thus clearly illustrates that the ZnO nanorods
synthesized by the green method. All diffraction peaks
are indexed according to the cubiodal phase of ZnO. No
characteristic peaks of impurity phases of nitrate and
other impurity except ZnO are found which revealed
that good crystalline in nature of the samples. It was
quite common; the broadening of the peaks in the XRD
patterns of solids is attributed to particle size effects [8].thesized zinc nanorods.
Fig. 3. X-ray powder diffraction analysis of the synthesized zinc nanorods.
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stability
Zeta potential (ZP) values reveal the information
regarding the surface charges and stability of the
synthesized zinc nanorods. In this study, the zeta po-
tential value for ZnONRs obtained through S. album
leaf extract was 13 mV (Fig. 4) indicating the sta-
bility of the synthesized nanoparticles. The rich source
of b-santalol in the S. album leaf extract may possibly
responsible for the reduction of metal ions and effi-
cient stabilization of synthesized nanorods. The hy-
droxyl groups from the santalol may have a stronger
ability to bind metal ion, so that these compounds
could form a coat over the metal nanorod to preventFig. 4. Zeta potential analysis ofthe gathering of nanorods and exist as negatively
charged.
3.5. DLS measurements
The average size of the zinc nanorods was measured
by DLS analysis. The size distribution vs. intensity
graph has been shown in Fig. 5. The average size of
ZnONRs was 100 nm in diameter. The large size of
particles observed by DLS is due to the fact that the
measured size also includes the bioorganic compounds
enveloping the core of the ZnONRs. Moreover, the
large particle size could also be due to the various
forces of interaction in the solution like van der Waals
forces. The differences in the particle size obtained insynthesized zinc nanorods.
Fig. 5. DLS analysis of the particle size distribution of synthesized
nanorods.
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preparation and also due to the polydispersity of the
sample (as determined by DLS).
3.6. Electron microscope analysis
SEM has been used to examine the surface
morphology of the obtained particles. Fig. 6a shows
the SEM micrograph of synthesized zinc nanorods.
The typical SEM micrographs image of the zinc
nanorods size about 100 nm obtained by the biosyn-
thesis method. The shapes of zinc nanorods were rod
shaped. The resulting zinc nanorods morphology was
quite similar to the shape obtained through TEM
analysis [14]. In general, rod and small morphology is
preferred to biomedical field. Previous studies repre-
sented that rod type ZnO has better optical properties
that could cause significant pharmacological properties
[6]. Most of the zinc oxide nanoparticles falls withinFig. 6. (a) Scanning electron micrograph of synthesized nanorods; (the range of different sizes are triangle, radial, hexag-
onal, rod, and rectangle sizes. Fig. 6b shows clear TEM
micrograph of zinc nanorods was generated through
biosynthesis method using S. album leaf extract. Most
of the ZnONRs shapes were rod, with the size of
70e140 nm diameter.
3.7. Cell viability assay
The structural properties and size effect of
biocompatible nanomaterials may play a vital role in
the promising biomedical application, with this we
have explored the cytotoxic effect of zinc nanorods in
human breast cancer cells. An in vitro cytotoxicity
assay for zinc nanorods was conducted using an MTT
reduction assay. After treatment of the MCF-7 cells for
48 h with nanorods in the concentration range of
10 mg/mL, the inhibitory percentage against prolifer-
ation of cancer cells was determined. The cell viability
(%) obtained with continuous exposure for 48 h is
depicted in Fig. 7. The cytotoxicity of zinc nanorods
was found to be dose dependent manner. Relevant to
the evaluation of toxicity of metal nanoparticles
against many cancer cells have been reported. Akhtar
et al. revealed that three types of cancer cells were
supressed by the effect of ZnONRs, while normal rat
astrocytes and hepatocytes were not affected [1]. The
synthesized particles receive more attention from the
pharmacological field due to its unique biocompatible
nature. It showed significant cytotoxic activity against
selected breast cancer cells in minimal concentration.
3.8. AO/EtBr staining for detection of apoptotic cells
The induction of apoptosis, after the treatment with
IC50 concentration of zinc nanorods was assessed byb) Transmission electron micrograph of synthesized nanorods.
Fig. 7. Cytotoxic effect of biosynthesized zinc nanorods on human breast cancer cells (48 h exposure).
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Orange/Ethidium Bromide (AO/EtBr). The Acridine
Orange can penetrate the normal cell membrane, the
cells were observed as green fluorescence; whereas in
apoptotic cells and apoptotic bodies formed as a result
of nuclear shrinkage, damage, blebbing were observed
as orange colored bodies. Necrotic cells were observedFig. 8. Apoptotic detection: Acridine Orange Ethidiuas red color fluorescence due to their loss of membrane
integrity when viewed under a fluorescence micro-
scope (Fig. 8) [12]. The loss of cell adherence property
and severe membrane disingerity were found in Human
breast Cancer cells treated with chloroquine gold
nanoparticles. This further confirms that particle
induced detachment of cell through activatingm bromide staining (AO/EtBr); DAPI Staining.
Fig. 9. Regulation of apoptotic and antiapoptotic protein expression
with the treatment of biosynthesized zinc nanorods.
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for ZnONPs induced toxicity may be related with
oxidative stress, DNA damage and induction of
apoptosis.
3.9. Western blot
The expression of anti-apoptotic gene and apoptotic
gene at the protein level in ZnONRs exposed on MCF-
7 breast cancer cell was confirmed with using western
blot analysis (Fig. 9). The protein level of Bax was
significantly upregulated while the expression of Bcl-2
significantly downregulated in ZnONRs treated cells
when compared to normal cells. The b-actin was used
as an internal standard for western blot analysis. The
expression of both mRNA and protein level of cell
cycle checkpoint gene p53 and pro apoptotic genes
(Bax and Caspase-3) were upregulated and Bcl-2 down
regulated in HepG2 cell with the exposure of silica
nanoparticles [4]. The current study confirms the bio-
logically synthesized zinc nanorods has a potential of
inhibiting cancer related protein expression.Fig. 10. Cell cycle analysis of biosynthesize3.10. Effect of zinc nanorods in cell cycle regulation
In order to evaluate the effect of zinc nanorods on
cell cycle processes flow cytometry was performed.
Representative histograms for the cell cycle distribu-
tion in MCF-7 cells following exposure to nanorods are
shown in Fig. 10. The treatment of MCF-7, cells with
zinc nanorods (IC50 concentrations) for 48 h resulted in
a decrease of the G2/M phase compared with the
control. The percentage of S phase in treated cells
decreased relative to that of control cells. Interestingly,
the flow cytometry analysis also revealed the effect of
zinc nanorods on the accumulation of cells in the G2/
M phases accompanied by cell cycle arrest. This
experimental finding implied that the zinc nanorods
induced apoptosis in MCF-7 cells via G0/G1 and S
phase cell cycle arrest. The present data on biological
properties of zinc and its compounds, their location in
the organism and role in important biological processes
show the ways of possible practical applications of zinc
nanoparticles in biomedicine. Particular attention is
paid to the role of zinc in breast cancer therapy.
4. Conclusion
Based on the observations in this study, zinc
nanorods were successfully synthesized using Santa-
lum album as a green synthesis approach. Zinc nano-
rods were highly stable and crystalline nature, size
about 100 nm in diameter showed biologically sig-
nificant properties. Moreover it was concluded that
there was a concentration-dependent reduction of cell
viability in treating cancer cells after exposure of zincd zinc nanorods treated MCF-7 cells.
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terials for biological applications as an anticancer
therapy. Moreover, ZnONRs demonstrated suppres-
sion of MCF-7 cell growth and proliferation in vitro,
which suggests that this may be a potent and selective
formula, and could be an alternative chemotherapeutic
candidate for breast cancer in the near future.
Collectively, our data suggested that zinc nanorods
provoked and induced apoptosis through an intrinsic
mitochondrial pathway depending upon caspase
activation.
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